AIm: One of the most important causes of failed back surgery is the development of epidural fibrosis. Many methods and substances have been used to prevent the development of epidural fibrosis after laminectomy. In this study, effects of "manuka honey" on epidural fibrosis development after laminectomy was evaluated in rats. mATERIAl and mEThods: Subjects were divided into two groups:In Group-1 (n=8);only laminectomy was carried out in the L1 level; in group-2 (n=8), laminectomy was carried out in the L1 level and manuka honey was applied to the area. The related vertebral columns were removed en bloc 6 weeks later. Leveled sections with thicknesses of 6 mm were obtained from paraffin blocks.
soNuÇ: Çalışmamızda, manuka balı'nın sıçanlarda laminektomi sonrası EF derecesini azalttığı gösterilmiştir. Cerrahi yaralarda güvenli bir şekilde klinik olarak uygulanabilen manuka balı'nnın laminektomi sonrası epidural fibrozis gelişimini önlemek amacıyla rutin olarak kullanılabileceği kanaatindeyiz. 
InTROdUcTIOn
The failed back surgery syndrome (FBSS) following lumbar disc herniation operations is reported in the literature at a rate of 5% to 40% (4, 5, 6, 17) . One of the most important causes of FBSS is the development of epidural fibrosis (EF). EF, which is seen in 24% of laminectomy patients, causes failed back surgery syndrome through the adhesions of the nerve roots, tension and compression (14) . While many factors and mechanisms have been accused for the development of EF following laminectomy, many methods and substances have also been used to prevent its use. The majority of these have not been generally recognized in routine clinical practice, although they were successful in experimental studies. Another effect of honey, which is known for its many beneficial effects on human health both as a food and drug, is its modulating and enhancing effects on wound healing (15).
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Manuka honey (MH), which is the drug form of honey, has not been used in neurosurgical areas, although it has been used in many studies involving its effects on wound healing and other clinical effects. In this study, the answer to the question of whether MH, of which the positive results on wound healing have been reported in previous studies, can prevent the development of EF after laminectomy was sought.
MATeRIAl and MeTHOdS
This study was conducted under Cukurova University Animal Experimentation Local Ethics Committee approval (Decision #: 16; July 2010) and was performed at Cukurova University School of Medicine, Experimental Animals Research Laboratory. MH produced by honeybees of Leptospermum scoparium species of New Zealand origin was used in the study. We used 16 Wistar Albino species rats that were 8. 10-12 weeks old and 200-250 g in weight.
Surgical Procedure
A single dose of 50 mg/kg ceftriaxone (Rocephine, Roche, Turkey) was administered through the intraperitoneal route for prophylaxis 30 minutes before the operation. Ketamine hydrochloride (Ketalar, Parke-Davis, Eczacıbaşı, Istanbul) 60 mg/kg was administered through the intraperitoneal route and Xylazine hydrochloride (Rompun) 10 mg/kg was administered for general anesthesia. After fixating the rat on the operation table, the operational area was brushed for 10 minutes with povidone iodine scrub (MEDICA brush; % 4 chlorhexidine soap, MEDİCA BV, Holland) and dyed with povidone iodine (POVİOD; 10% polyvinyl pyrrolidoneiodine complex, Saba, Turkey) solution for disinfection. The operation area was covered with sterile drapes. The L1 level was determined, and then a skin incision approximately 3 cm in length was made at the midline, on the spinous processes. The paraspinous muscles in the space were separated with blunt dissection. Laminectomy was performed. Subjects were divided into two groups: Group-1 (n=8) (Control group) only underwent laminectomy at the L1 level and group-2 (n=8) (Treatment group) where laminectomy was performed at the L1 level and manuka honey was applied to the area. After keeping the subject alive for 6 weeks, euthanasia was performed with high dosages of thiopenthal sodium (75-100 mg/kg) (Pentothal Sodium, Abbott, Italy). The related vertebral columns were removed en bloc 6 weeks later. Leveled sections with thicknesses of 6 mm were obtained from paraffin blocks. Rats where dural tears or nerve root injuries had occurred during the operation, or that developed postoperative neurological deficits or where infections were found during decapitation were excluded from the study. New rats were included in their places. The amount of fibrosis in the laminectomy area and the relationship with the dura mater were evaluated based on the histological criteria and classification found in the literature with comparisons made within the group and also with the control group and the results were compared statistically.
Histopathological Evaluation
After the vertebral column removed en bloc was fixed with buffered 10% formalin, it was decalcified for 2 days (10% formic acid). Following the completion of decalcification, one specimen was collected from each area that laminectomy was performed. After the specimens were washed for 6 hours under running water, they were subjected to routine tissue follow-up procedure with the ototechnicon. Sections of 6 mm thickness were taken from the paraffin blocks according to level and were dyed with hematoxylin eosin. Each specimen was evaluated by a pathologist under the light microscope as regards cellular density and arachnoidal fibrosis. EF was evaluated as described by He and colleagues (11) ( Table I ). The extensity of the fibrosis was evaluated for each preparation. Cellular density in the scar tissue was evaluated as described by He and colleagues and by Hinton and colleagues (11, 12) . Fibroblasts were counted by the pathologist under 40x magnification. This procedure was performed at three areas for each specimen, one in the mid portion, and two at the sides of the laminectomy. The mean fibroblast counts for these three areas were graded as shown in Table II .
Likewise, inflammatory cellular density was evaluated with 40x magnification. In addition, the presence of bone renewal, surrounding of the nerve root by scar tissue, and any adhesions between the dura and arachnoid were recorded. It was seen that less inflammation developed in the group that MH was applied as compared to the control group.
Statistical Examination
Data were evaluated using the SPSS 15.0 package program. The extensity of EF, cellular density and differences of arachnoid involvement were evaluated between the groups using the chi-square test. P< 0.05 was considered as statistically significant.
ReSUlTS
Grades of each rat in the control and treatment groups were determined based on the scar tissue level and fibroblast counts determined separately by the pathologist (Table  III) . For both grading systems, the EF grade for all the rats in group-2 was 2 or less and the EF grade for all the rats in group was 2 or more in group-1.
It was seen in the examination with light microscope that the thickness of EF, density of the inflammatory cells and arachnoidal adhesions in the subjects of group-1 were greater compared to those in the group-2 (Figures 1A, B; 2A, B ).
Grading based on the level of the scar tissue, revealed no grade 0 or 1 EF in group-1 while 25% of the subjects were had grade 2, and 75% had grade 3 EF. However, grade 3 EF was seen in none of the subjects in group-2. EF was grade 2 in 37.5%, grade 1 in 62.5%, and there was grade 1 or 0 fibrosis in 62.5% ( Figure 3 , Table IV ). Based on this grading system, it was found that less EF developed in group-1 as compared to group-2 and the difference was statistically significant (p<0.05).
In the grading based on the fibroblast count, grade 0 or 1 EF was not seen in group-1, while 25% of the subjects had grade 2, and 75% had grade 3 EF. However, grade 0 and grade 3 EF was not observed in group-2. Grade 1 EF was observed in 75% of the subjects, while grade 2 EF was observed in 25% ( Figure 4 , Table V ). Based on this grading system, it was found that EF with lower grade developed in group-1 as compared to group-2 and the difference was statistically significant (p<0.05).
dIScUSSIOn
One of the most important causes of failed back surgery is the development of epidural fibrosis following laminectomy (3, 9, 18, 19) . EF consists of a mixture of cellular elements containing fibroblasts and inflammatory cells. The nerve will be distracted or compression will occur because of the contraction of the adhesions of the scar formation surrounding the nerve. Such adhesions can disturb the axoplasmic transport within the nerve fibers, arterial circulation and venous drainage (3, 9, 18, 19) . Many studies have been performed and many substances have been used to prevent EF developing after spinal surgery including fatty grafts as a solid barrier, polyvinyl alcohol, hydrogel membrane, polytetrafluoroethylene membrane, polylactic acid membrane, vicryl mesh; sodium hyaluronate as a viscous Thin fibrous bands present between the scar tissue and dura mater 2
Adhesions involving less than two-thirds of the laminectomy defect 3
Widespread scarring. More than two-thirds of the laminectomy defect has been affected 
solution; gel recombinant tissue plasminogen activator as a fibrinolytic agent, urokinase; gelatin sponge as a hemostatic agent, microfibrillary collagen; and methylprednisolone, triamcinolone, prednisolone, ketaprofen, dexametasone as anti-inflammatory agent (2, 10, 13, 20) . Although the use of these substances has been shown to be successful in animal models, it could not be demonstrated shown that they could provide a decrease in EF that was consistent with clinical improvement.
MH is a mixture containing various vitamins, minerals, amino acids and enzymes (8, 25) . It has been used for wound healing, skin care and treatment of some diseases since the ancient ages (26) . Studies in recent years have demonstrated antioxidant, antibacterial, anti-inflammatory, and antineoplastic effects and modulating effects on wound healing (25) .
The anti-inflammatory effects of MH reduce edema and the amount of the exudates that form the scar tissue (16). Other studies have shown that MH modulates the inflammatory response, and provides controlled epithelial and fibroblast proliferation and angiogenesis (7) . Phenolic components of MH provide low pH, that is, a highly acidic environment. This acidic environment is mainly responsible for the antioxidant effect. An acidic environment, antioxidant effects, antiinflammatory effects, antibacterial properties and immunemodulator effects enable more rapid and adequate wound healing (7). Tonks et al. found in their study that the 5.8 kDa component of MH stimulates the TNF α production in macrophages through the toll-like receptor (21, 22, 23) . It was
Gunaldi O. et al: "Honey" can Prevent Epidural Fibrosis
shown in some studies that the activity of the reactive oxygen species activated with thrombin that play a role in some pathological conditions are suppressed with MH and their amounts are reduced (1, 24) .
Although MH has been used in wound healing in many studies as well as many other areas and its beneficial effects have been shown, it has almost never been used in studies involving the EF development after laminectomy and other procedures. The one and only study in this area is the study carried out by Faroki et al. (7) . Honey produced by the honeybees in Dena Mountains within the Iranian borders was used in the study and it was shown that honey reduced EF development significantly. The FDA-approved drug form of MH was used in our study. Based on the histopathologic results of the study, it was found that both the fibroblast density and the thickness of the scar tissue were significantly lower in the MH group as compared to the control group. While grade 3, which is the most intense grade of EF, was seen in none of rats in the treatment group, the least observed grade in the control group was grade 2. This result was found to be statistically significant. In addition, it was found in light microscope that the inflammatory cellular density in the control group was greater as compared to the treatment group.
These results are consistent with the results of the study carried out by Faroki et al., which is the only study on the use of
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honey for development of EF after laminectomy. In addition, it was found to be consistent with studies involving the wound healing effect of honey. Infection, allergic reactions or other adverse effects were seen in none of the subjects.
In conclusion, based on our study, MH has reducing effects on EF after laminectomy in rats. It was confirmed that it is a natural product that can safely be used on live tissues. We conclude that MH, which has been previously used safely in humans for wound healing, "can be safely used in EF studies in humans after laminectomy" according to the results of our study. 
